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Background: Amoora rohituka is described in Ayurveda, an Indian traditional system of medicine for
management of disorders of blood, diseases of eye, helminthiasis disease, ulcer, liver disorders and
splenomegaly. However, the leaves were not reported to have anticancer properties till date.
Objective: This study was carried out to evaluate the cytotoxic potential of leaf extracts of Amoora
rohituka.
Materials and methods: The leaves powder was macerated in petroleum ether, ethyl acetate and meth-
anol and evaluated their anticancer activities in vitro. The phytochemical constituents of the active (ethyl
acetate) extract were screened by FTIR analysis and phytochemical screening methods.
Results: The ethyl acetate extract (RLEA) showed the presence of alkaloids, ﬂavonoids, steroids, tannins,
saponins and terpenoids. The RLEA exhibited high cytotoxic effect against human breast cancer cells,
MCF-7 (IC50 ¼ 9.81 mg/mL) and induced apoptosis by altering nuclear morphology and DNA laddering.
Wound healing assays explained the potency of extract to decrease the cell migration.
Conclusion: The extract of Amoora rohituka leaves exhibited anticancer activity with less toxicity and it
could be used for development of alternative drugs in the treatment of human breast cancer.
© 2019 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The commonest cancer among global women population is
breast cancer with a lifetime risk estimated to be one in eight in
industrialized countries. In the year 2012, 1.7 million new cases and
about 522,000 deaths were reported over the world and alarmed
the such burden of breast cancer will increase to almost double of
the present cases by 2030 [1,2]. The conventional procedure for
cancer treatments includes surgical removal of the malignant tis-
sue, chemotherapy and ionizing radiation etc., which causes severe.
ary University, Bangalore.
lore and World Ayurveda Foundat
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16/j.jaim.2018.12.005side effect as well as destroying the adjacent normal cells. Next
alternative medicine has been discovered for improving its efﬁcacy
against cancer with reduced side effects of chemotherapy and boost
up the immune system to ﬁght against metastatic cells, however
some tumors developed resistance to conventional drugs [3]. About
70% of the anticancerous compounds are isolated from medicinal
plants or their derivatives and play as a lead molecules for the drug
development with unique novel pharmacophores [4,5]. The reverse
pharmacology approaches could offer an efﬁcient development
platforms for herbal drugs and reduce the time and economize
investments with better safety [1]. The phytochemicals having the
potency to induce apoptosis in cancer cells are promising to play
signiﬁcant role in the managing and treating the cancer. It has been
reported that several isolates from medicinal plants showed their
anticancer activity.ion. Publishing Services by Elsevier B.V. This is an open access article under the CC
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family and used in several medicinal formulations [6]. A. rohituka is
well known one of important Indian medicinal plant which is
commonly used in disorders of blood, diseases of eye, helminthiasis
disease, ulcer or wound, liver disorders, splenomegaly, internal
tumours, leucorrhoea and urinary disorders [7]. A. rohituka has
different kinds of metabolites such as alkaloids, ﬂavonoids, glyco-
sides, terpenoids, and anthraquinones, which are medicinally
importance [8]. Most of them isolated from the bark of stem have
anticancer properties [9e14]. Although the study on medicinal
properties of leaves compounds from A. rohituka are still limited.
Leaves are the renewable source of the natural product without
harming the plant, also an economical and environment friendly
[8]. Therefore, present study has emphasized to investigate the
anticancer activity of A. rohituka leaves extracts against human
breast adenocarcinoma (MCF-7) cells.
2. Material and methods
2.1. Plant material and preparation of extracts
A. rohituka leaves were collected from the medicinal plant gar-
den, Banaras Hindu University, India and its leaves were dried at
room temperature for two weeks and ground into a coarse powder
using the electrical domestic grinder. The 100 g of leaves powder
was macerated for 24 h with continuous stirred in 500 mL each of
petroleum ether, ethyl acetate and methanol respectively thrice in
each. Then, the supernatant was recovered by ﬁltration through
Whatman ﬁlter paper of 11 mm pore size after maceration using a
suction apparatus. Further, each ﬁltrate was completely dried by
rotary vacuum evaporator.
2.2. Phytochemical screening and ﬁngerprinting
Chemical Method: Phytochemical screening was performed
using standard procedures as reported in the previous study [15].
Brieﬂy, Dragendroff's test, Mayer's test and Wagner's test for alka-
loids, ferric chloride test and Shinoda test for ﬂavonoids, Salkowski
reaction and LiebermanneBurchard reaction for steroids, ferric
chloride and lead acetate test for tannins and phenolic compounds,
Kellar Killani test for glycosides, foam test saponins, etc.
Fourier Transformed Infrared (FTIR) Spectroscopy: Fourier
Transformed Infrared (FTIR) Spectrometer (Perkin Elmer spectrum
2) was also used to study the functional group of Ethyl acetate
fraction of the leaves for conﬁrmation of phytochemical constitu-
ents as it was active fraction against cancer cells [16]. The samples
were analyzed in the range of wave number 4000e400 cme1 to
study the chemical nature of the extract. The sample was added
into KBr crystal and powdered to make KBr pellet. 100 interfero-
grams were averaged with a spectral resolution of ±4 cme1 to
improve the signal to noise ratio for each spectrum. In the case of
identical condition, the background spectra were subtracted from
the sample spectra to directly relate the intensities of the per-
centage transmittance of functional group to the concentration of
the related functional groups.
HPTLC ﬁngerprinting: For phytochemical ﬁngerprinting,
CAMAG Linomat 5 (Switzerland) HPTLC was used with slightly
modiﬁcation of reported method [17]. Brieﬂy, Aluminum TLC Silica
gel 60 F254 plates (5 cm  10 cm; 175e225 mm thickness, Merck
Limited, Mumbai, India) was used as stationary phase and Toluene:
Acetone: Ethyl acetate (8:2:0.5 v/v) as mobile phase.
The extract band (sample concentration 2 mg/mL; application
volume 10 mL, width 6 mm, the distance between tracks 10 mm)
was applied on the plate with CAMAG Linomat 5 sample appli-
cator syringe. Chamber was kept to saturation for 45 min atPlease cite this article as: Singh RK et al., Cytotoxic and apoptotic inducing
J Ayurveda Integr Med, https://doi.org/10.1016/j.jaim.2018.12.005room temperature. The length of chromatogram run was 80 mm.
Then, densitometric analysis was done with CAMAG TLC scanner
of the system using radiation source D2 & W lamp and the
procedure was operated by win CATS software integrated with
the system. Chromatogram recorded on two modes, ﬁrst before
at 254 nm and 366 nm, and then after spraying 2% sulphuric acid
solution.
2.3. Cell culture
Human breast adenocarcinoma (MCF-7) cells, human triple
negative breast carcinoma (MDA-MB-231) cells, mice undiffer-
entiated carcinoma (Ehrlich-Lettre ascites carcinoma, EAC) cells
and mice ﬁbroblast (NCTC clone 929, L929) cells were procured
from National Centre for Cell Sciences (NCCS), Pune, India. The
cells were cultured in DMEM with high-glucose, sodium bicar-
bonate, L-glutamine and sodium pyruvate which supplemented
with 10% fetal bovine serum (FBS) and 1% antibiotics-antimycotic
(10,000 unit/mL of penicillin G, 10 mg/mL of streptomycin sulfate
and 25 mg/mL amphotericin B in 0.9% normal saline) solution at
37 C in a humidiﬁed environment with 5% CO2 gas. About
70e80% conﬂuent cells at log phase were harvested by trypsini-
zation (1X Trypsin-EDTA Solution, Himedia). MCF-7 cells were
used throughout the study while EAC and L929 cells were used in
cytotoxicity assay [18].
2.4. Cytotoxicity assay
MTT assay was applied for evaluation of the cytotoxicity of the
extracts in which tetrazolium rings of 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazolium bromide is cleaved by mitochon-
drial enzyme succinate dehydrogenase of live cells. The yellowish
MTT solution is turned into water-insoluble violet colored for-
mazan crystals depends on the number of viable cells. This assay
is also sensitive, reliable, quantitative and colorimetric method to
measure cell viability. The 100 mL of cell solution in fresh media at
a cell density of 1  104 cells/mL was seeded in each well of 96-
well plate and incubated overnight. Then, the old culture media
was replaced with 200 mL fresh media and treated with the ex-
tracts with serial dilution which was further incubated for 48 h.
On the completion of treatment duration, the culture media with
treatment was replaced with 100 mL of 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazolium bromide (MTT) solution at a con-
centration of 0.5 mg/mL in incomplete culture media, i.e., the
culture media without fetal bovine serum, and kept for 4 h at
37 C. The plate with cells were centrifuged at 750 rpm for 5 min
(Remi R8C) and the supernatant was replaced with 100 mL DMSO
to solubilize water-insoluble purple colored-formazan crystal and
absorbance was measured at 570 nm using microtitre plate reader
(Biorad, India) [19]. The percentage of cell viability was calculated
as: Percentage cell viability ¼ (OD of the cells treated with
extract/OD of the un treated control cells)  100, then IC50 was
calculated [20,21].
2.5. Cell morphology analysis
Human breast cancer (MCF-7) cells were seeded into 96 well
plate at a density of 1 103 cells in eachwell and incubated for 48 h
in fresh media. Then, the culture medium was changed with fresh
culture medium and the ethyl acetate extract was administered at
the concentration of its IC50 value which was further incubated for
24 h in the same environmental condition. After incubation, the
culture medium was removed and cells were washed 10 mM PBS
(pH 7.4) and observed under the inverted light microscope (Dew-
inter, India) at 400 magniﬁcation.activity of Amoora rohituka leaf extracts in human breast cancer cells,
Table 1
Presenting the phytochemicals constituents of different extracts of A. rohituka
leaves.
Chemical methods
Phytochemicals Petroleum
Ether Extract
Ethyl acetate
Extract
Methanolic
Extract
Alkaloids e þþþ e
Flavonoids e þ þþþ
Steroids þ þþþ e
Terpenoids e þ þþ
Glycosides þþ e þþþ
Tannins þþ e _
Saponins e e þ
Phenols e þ e
“þ” Present; “e” Absent.
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Acridine orange (AO) and Ethidium bromide (EtBr) double
staining were performed for detection of the mode of cell death.
Acridine orange is a cell permeable dye which binds with the
nucleic acid to emit green ﬂuorescence while ethidium bromide
can enter the cell after the destruction of the membrane and binds
to the nucleic acid to emit red ﬂuorescence. Hence, these two dye
facilitate the detection of mode of cell death [19]. The MCF-7 cells
were seeded into 96 well plate at the concentration of 1  104 cell
per well and incubated for 24 h. Then, the culture medium was
changed with fresh culture medium and 200 mL volume was
maintained. The ethyl acetate extract was administered at the
concentration of its IC50 value as test drug, Paclitaxel was added in
control positive group while 1X PBS was taken in control negative
group. It was further incubated for 24 h at 37 C in a humidiﬁed
environment with 5% CO2 gas. After completion of incubation, the
culture medium was removed and cells were washed with 10 mM
PBS (pH 7.4) and cells were incubated for further 30 min in the
solution of 100 mg/mL AO and 100 mg/mL EtBr in dark. Again, it was
washed 10 mM PBS (pH 7.4) and cells were detected by the blue
ﬁlter of ﬂuorescence invertedmicroscope (Dewinter, India) at 400
magniﬁcation [18].
2.7. DAPI staining
Nuclear Morphology was studied by DAPI (40-6-diamidino-2-
phenylindole) stain (Genetix, India) which forms ﬂuorescent
complexes with natural double-stranded DNA [22]. The 1 104 cell
per well and incubated for 24 h. Then, the treatments were given as
per previous experiment followed by washing of cells with PBS and
stained with DAPI solution. After 30 min incubation, the cells were
again washed with 10 mM PBS (pH 7.4) and cells were studied by
ﬂuorescence inverted microscope using the blue ﬁlter [23].
2.8. Detection of DNA fragmentation
MCF-7 cells were seeded into 6well plate at the concentration of
1  105 cell per well and incubated for 24 h. Then, the culture
medium was changed with fresh culture medium and the ethyl
acetate extract was administered at the concentration of its IC50
value as test drug, Paclitaxel was added in control positive group
while 1X PBS was taken in control negative group. It was further
incubated for 24 h at 37 C in a humidiﬁed environment with 5%
CO2 gas. After completion of incubation, the cells were harvested
and DNA isolated as per manufacturer instruction using DNASure
tissue mini kit (Genetix, India). The isolated DNA was dissolved in
DNA loading buffer separately and electrophoresis was done on
1.5% agarose gel [24].
2.9. Wound scratch healing assay
The MCF-7 cells were grown to 80% conﬂuent and collected by
trypsinization for seeding into 6-well plate at a density of
1  105 cells/ml. It was incubated at 37 C for 24 h in DMEM
complete culture medium. Then the medium was replaced with
medium without fetal bovine serum and incubated further 24 h,
then scratch wound was made passing through the center of the
well containing monolayer of cells by using a sterile 20 mL pipette
tip and washed thrice with 10 mM PBS. 1 mL of complete medium
was given to the wound containing cells and extract was admin-
istrated in test group while medium in control group and followed
by incubation for 24 h, 48 h and 72 h. Images of the migrated cells
were taken using an inverted microscope (Dewinter, India) at 100
magniﬁcation [25].Please cite this article as: Singh RK et al., Cytotoxic and apoptotic inducing
J Ayurveda Integr Med, https://doi.org/10.1016/j.jaim.2018.12.0052.10. Statistical analysis
Statistical analyses were performed using GraphPad Prism 6.0
for Windows. The analysis of variance was performed on three
independent cytotoxicity results by one way ANOVA analysis using
tukey as post test. The results were considered signiﬁcant at p
value < 0.05. The data were expressed as mean ± SD.
3. Results
3.1. Phytochemical screening and ﬁngerprinting of different extracts
The yields of the extracts were found to be petroleum ether
extract 5.20 g; ethyl acetate extract 7.70 g and methanol extract
6.47 g respectively which were evaluated for their phytochemical
constituents. The results of the phytochemical screening were
presented in Table 1 which revealed the variation in phytochemi-
cals of different extracts such as the petroleum extract contained
steroids, tannins and glycosides, ethyl acetate extract contained
alkaloids and steroids while methanolic extract showed ﬂavonoids,
terpenoids and glycosides. These results were supported by
Mahajan et al. [8] reported that the alkaloids, ﬂavonoids, steroids,
phenols, terpenoids, glycosides and saponins were main compo-
nents of the leaves and seed extract from the same plant.
Spectroscopic and chemical ﬁngerprinting analysis Fig. 1B show
the FTIR spectra of phytochemical and conﬁrmed the various
chemical constituents in ethyl acetate fraction of A. rohituka leaves.
Broad stretching band of hydroxyl at 3398 cme1 indicated the
presence of OeH stretching in intermolecular bond of alcohols. The
peaks obtained at 2927 cme1 had strong stretching of NeH in
amine group. The peaks at 2891 indicated medium stretching in
alkane with CeH group. The strong peaks generated at 1729 cme1
C]O stretching for ester compounds and other strong peak
observed at 1731.8 cme1 for C]O in conjugated anhydride. The
medium-weak peak at 1645 cme1 indicated CeH bending for aro-
matic compounds. Another strong peak at 1457 showed CeH
bending for methyl, at 1377 for OeH stretching for hydroxyl in
phenol compounds and at 1240 cme1 stretching of CeN in amine
functions group. Along with above peaks some medium sharp
peaks also observed at 1171, 1070 and 901 for stretching of CeN in
amine functions group, CeO in primary alcohol and bending of C]
C in alkenes [26]. The peak at 600 cme1 represents for CeNeC and
detailed information given in Table 2. The obtained peak values was
also similar to earlier reported work of Burman et al. and Saleem
et al. [27,28].
Again phytochemical standardization was carried out through
chemical ﬁngerprinting using HPTLC chromatogram for all extracts.
The number of bands 6, 7 and 8 were observed for petroleum ether,
ethyl acetate, and methanol extracts respectively. There were fouractivity of Amoora rohituka leaf extracts in human breast cancer cells,
Fig. 1. Chemical Fingerprinting of A. rohituka leaf extracts in different organic solvents. Solvent System: (Toluene: Acetone: Ethyl acetate: 7.5: 2.0: 0.5); Track 1 ¼ Petroleum Ether
Extract, Track 2 ¼ Ethyl acetate and Track 3 ¼ Methanolic Extract; and Infrared Spectroscopy.
R.K. Singh et al. / Journal of Ayurveda and Integrative Medicine xxx (xxxx) xxx4chemical bands, were common in either of two extracts with Rf
0.04, 0.58, 0.69 and 1.00; and only one band was common in pe-
troleum ether extract and ethyl acetate with Rf 0.69 whereas two
chemical bands were common in ethyl acetate and methanolic
extracts with Rf 0.04 and 0.58 (Fig. 1).
3.2. Cytotoxicity effect of leaves extract
The cytotoxicity of leaves extract against cancer cells are
summarized in Fig. 2. It was observed that the ethyl acetate
extract showed promising anticancer activity toward the cell
lines. Human breast adenocarcinoma (MCF-7), triple-negative
human breast cancer (MDA-MB-231) cells, mice undifferentiated
carcinoma (EAC) and mice ﬁbroblast (L929) cell lines were used to
evaluate the cytotoxicity of the leaf extracts of three different
solvents and L929 cells were taken as normal cells. A signiﬁcant
decrease in cell viability was recorded with increasing concen-
tration of the extracts by MTT assay. The L929 cells showed the
least sensitivity to the extracts while MCF-7 cells had highest
sensitivity followed by MDA-MB-231 cells and EAC cells (Fig. 2).
The IC50 values of these cells revealed that the ethyl acetate
extract had highest cytotoxicity effect for MCF-7 cells (Fig. 2). TheTable 2
Describing the peak value with respective functional group of phyto-
contituents of FTIR analysis of A. rohituka leaves extract in ethyl acetate.
Sl. No Peak value Functional group FTIR Vibrations
1. 3398 OH Strong broad stretch (in
alcohol or phenol)
2. 2924 NeH Strong stretch of amine
group
3. 2891 CeH medium stretching in
alkane
4. 1729 CeO Strong Stretch in ester
5. 1645 C¼C Medium bending in
aromatic compound
6. 1457 CeH Strong bending in methyl
7. 1377 OeH strong stretch in phenols
8. 1240 CeN stretch vibration in amide
9. 1171 CeN stretch vibration in tert-
alcohol
10. 1070 CeO stretch in primary alcohol
11. 901 C¼C Bending in alkene
12. 600 CeNeC Bending in structure
Please cite this article as: Singh RK et al., Cytotoxic and apoptotic inducing
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7 cell line on the basis of cell toxicity.
3.3. The ethyl acetate extract altered cell morphology
Cell morphology of treated and untreated cells was studied
under light microscopy to examine the cellular alteration. It
revealed the induction of cytoplasmic vacuolization in treated cells
with the extract, which was absent in untreated cells (Fig. 3AeC)
and indicated the induction of apoptosis-like cell death.
3.4. Analysis of apoptosis by ethyl acetate extract
After 24 h of the MCF-7 cells treatment with extract, the cells
were stained with acridine orange and ethidium bromide for ex-
amination under a ﬂuorescence microscope. The apoptosis-like cell
death was not detected in the untreated negative control and all
cells were emitting green color ﬂuorescence with intact nuclear
morphology and cell membrane. The treated cells with the extract at
the concentration of its IC50 value showed yellowish to orange-red
color ﬂuorescence with nuclear fragmentation, nuclear contraction
and cytoplasmic membrane blebbing. The similar phenomenon
observed in the treated cells with the conventional drug (Paclitaxel)
which showed orange and red-colored cells (Fig. 3DeF).
3.5. Alteration in nuclear morphology
The DAPI staining was used for the treatedMCF-7 and untreated
cells and followed by microscopic examination, which revealed a
signiﬁcance alteration in nuclear morphology in the treated cells,
where nuclear fragmentation, chromatin condensation and
shrunken nuclear morphology were observed. The untreated con-
trol group of cells showed intact nuclear morphology no indicating
for apoptosis (Fig. 3GeI).
3.6. Assessment of DNA fragmentation
The fragmentation of genomic DNA was conﬁrmed by DNA
laddering assay to support the apoptosis induction by the extract in
the cancer cells. It was observed that the treated cells showed DNA
laddering pattern and a single genomic DNA band was in untreated
cells. The cells treated with paclitaxel as control positive had also
DNA laddering pattern (Fig. 3J).activity of Amoora rohituka leaf extracts in human breast cancer cells,
Fig. 2. Describing the cytotoxicity of different extracts of A. rohituka leaves with their respective IC50 values (PE: Petroleum ether extract; EA: Ethyl acetate extract; M: Methanol
extract).
R.K. Singh et al. / Journal of Ayurveda and Integrative Medicine xxx (xxxx) xxx 53.7. The cellular migration and delayed wound healing by ethyl
acetate extract
Cellular migration is an important characteristics feature of
cancer cells which helps them in spreading and metastasis. It was
commonly evaluated by the wound scratch healing assay. In this
study, the effect of ethyl acetate extract from leaves was evaluatedFig. 3. Microscopy of the cells showing alteration in their cellular and nuclear morphology i
extract, RLEA; C: without any treatment, control negative) and also DNA laddering in the trea
control negative) in agarose gel which supporting the induction of apoptosis by the extrac
Please cite this article as: Singh RK et al., Cytotoxic and apoptotic inducing
J Ayurveda Integr Med, https://doi.org/10.1016/j.jaim.2018.12.005for cellular migration and showed a signiﬁcant decrease in cellular
migration and delayed in wound healing (Fig. 4).
4. Discussion
Medicinal plants are used as prime source for development of
therapeutic agents against several diseases. The phytochemicalsn the treated group (A: treated with packlitaxel; B: treated with Amoora rohituka leave
ted group (A: treated with packlitaxel; B: treated with RLEA; C: without any treatment,
t.
activity of Amoora rohituka leaf extracts in human breast cancer cells,
Fig. 4. Wound healing showing inhibition of cellular migration in treated group of MCF-7 cells at the concentration of 0.78 mg/mL ethyl acetate extract of A. rohituka leaves (RLEA).
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cells [29e33]. The traditional system for diseases treatment based
on medicinal plants in different regions of the world provides in-
formation for the urgent development of drugs. Breast cancer is a
challenging problem for oncologist to treat effectively without se-
vere side effects. Although, the development of chemoresistance in
cancer cells is the major obstacle for the treatment of cancer by
pharmacological approach. The alternative drugs require for over-
coming such challenging problems. The traditional knowledge of
medicinal plants offers the alternative approach to develop the
leading molecules or drugs with better compatibility, cost-effective
and less toxicity.
The bark of A. rohituka described in preparation of many poly-
herbal formulations in Ayurveda, Homeopathy, etc. for the treat-
ment of several diseases [11,34]. The active extract from the leaves
of A. rohituka showed rich in alkaloids and steroids content are
pharmaceutically important and many drugs from these phyto-
chemicals are in pre-clinical trial, such as rohitukine (chromane
alkaloid) from the stem bark of A. rohituka exhibits anticancer,
immuno-modulatory, anti-inﬂammatory, anti-implantation and
anti-fertility properties [13,35], The isolated Amooranin from the
stem bark is a triterpenoid inducing cell growth arrest, apoptosis
and also overcomes the drug resistance developed in cancer cells
[12,34], A triterpenoid: Aphanin is also extracted from stem bark,
which downregulates K-Ras and STAT3 gene expression in
pancreatic carcinoma cells [6]. The ﬁngerprinting is an important
tool for the identiﬁcation and quality control of herbal drugs and
formulations by means of qualitative and quantitative analysis of
phytochemicals [17,36]. The FTIR study also shows the different
functional group in crude extract of selected plant [26]. These
compounds are alkane, alkenes, amines, amides, alcohols, methyl,
phenols, aromatics, anhydride and esters. These ﬁndings support
the primary phytochemical screening results, i.e. presence of al-
kaloids, ﬂavonoids, steroids, terpenoids and phenols [16,37e40].
This analysis helps in understanding the phytochemistry of active
compounds and the active constituents may be present at Rf 0.10,
0.39, 0.66 and 0.76 in both extracts (Fig. 1). The cytotoxicity of all
three leaf extracts on MCF-7, EAC and mice ﬁbroblast L929 cellsPlease cite this article as: Singh RK et al., Cytotoxic and apoptotic inducing
J Ayurveda Integr Med, https://doi.org/10.1016/j.jaim.2018.12.005showed inhibitory activity against cancer, indicating that the ex-
tracts of A. rohituka could be alternatives of conventional drugs
against cancer. The extracts also showed the potency as an anti-
cancer activity by inducing cell toxicity in the cancer cell lines as
described in Fig. 2. The IC50 values of the leaves extracts showed the
potential activity with IC50 value of 17.65 mg/mL, 9.81 mg/mL and
31.23 mg/mL for petroleum ether, ethyl acetate and methanol ex-
tracts respectively against human breast carcinoma (MCF-7) cells
and petroleum ether extract of stem bark had IC50 value 41 mg/mL
whereas ethyl acetate and methanol had no activity [6,12,41e43].
The several cytoplasmic vacuoles were also seen in the treated cells.
The two types of cytoplasmic vacuolization in mammalian cells
have been reported, namely transient and irreversible vacuoliza-
tion. Transient vacuolization is an important symbol which is
observed during an exposure of cells to an inducer or cytotoxic
materials, which progressively affects the cell cycle and migration
of the cells reversibly [44]. Irreversible vacuolization is hallmarks of
cytopathological conditions that lead to cell death in cytotoxic
stimulus where irreversible vacuolization combines with acidic
organelles and affects the endoplasmic reticulum and Golgi appa-
ratus leads to apoptosis like cell death. Both natural as well as
synthetic cytotoxic chemical entities were reported to induce
cytoplasmic vacuolization, which either affects on cell cycle and cell
migration or induce apoptosis-like cell death [45]. The primary goal
of anticancer chemotherapeutic drugs is the destroying cancer cells
by inducing apoptosis in affected cells. Apoptosis is a highly sys-
tematic and programmed cell death, wherein the cell debris is
phagocytosed by the adjacent cells. The drugs having apoptosis
inducing property in cancer cells are considered as the potential
anticancer chemotherapeutic agent could also reduce the tumor
volume. Acridine orange and ethidium bromide double ﬂuorescent
staining are able to detect morphological changes occurred in
apoptotic cells and differentiates from normal cells, early apoptotic
cells, late apoptotic cells and necrotic cells. Acridine orange could
penetrate the intact plasma membrane and bind to DNA that
exhibit green ﬂuorescence after staining the normal and early
apoptotic cells. Ethidium bromide enters into the damaged mem-
branes of cells, which emit orange-red ﬂuorescence on the stainingactivity of Amoora rohituka leaf extracts in human breast cancer cells,
R.K. Singh et al. / Journal of Ayurveda and Integrative Medicine xxx (xxxx) xxx 7of late apoptotic and dead/necrotic cells. The double staining of
acridine orange and ethidium bromide enables to distinguish
normal, early apoptotic, late apoptotic and necrotic cells along with
the nuclear morphology [46]. DAPI staining is the most commonly
used assay to examine the apoptosis at nuclear morphology and
DNA level [22]. In this study, the extract of ethyl acetate induced
apoptosis in human breast cancer (MCF-7) cells and altered
morphology of the cells and their nuclei were observed in DAPI
staining. Genomic DNA fragmentation is an important character-
istic of apoptosis [24,47]. DNA fragmentation in MCF-7 cells was
induced by the ethyl acetate extract of A. rohituka showing a typical
ladder pattern of apoptosis mode of cell death that indicated to
apoptosis-induced cell death. The cancer cell migration i.e.,
metastasis of tumor cells into the normal organ tissues limits the
effective surgery for tumor removal. Several researches have shown
the cancer cell migration inhibitory effect of phyto-constituents
[25]. It has been reported that the stem bark of A. rohituka has
potency to inhibit cancer cell migration [48]. This study also
explored the cell migration inhibitory effect of the ethyl acetate
extract from A. rohituka leaves on the migration of MCF-7 cells.
5. Conclusion
In the present work, we have explored the therapeutic effect of
A. rohituka leaf extracts in three different organic solvents; petro-
leum ether, ethyl acetate and methanol. The ethyl acetate extract
has shown more effective and less toxic in comparison to others.
The phytochemical screening also reveals the alkaloids and terpe-
noids which may be similar to previously isolated phytochemicals
from the stem bark of the same plant. Themost potent ethyl acetate
extract exhibits anticancer activity by inducing cell toxicity and
apoptosis (morphology change, nuclear fragmentation, and DNA
fragmentation) in MCF-7 cells and EAC cells, and safer for
L929 cells. The ethyl acetate extract also inhibits MCF-7 cell
migration. Therefore, our data conﬁrm the potential of A. rohituka
leaf extract as a source for the development of future chemother-
apeutic agents.
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